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The problem of measuring the velocity of convection currents of air 
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arising from temperature differences of a few degrees, is encountered in 
Studies of processes involving heat transfer by convection. . For example, 
in an iced refrigerator car filled with warm fruit the Brecon vena of 
the ice in cooling the load is almost entirely dependent upon convection. 
Conduction and radiation are of only minor importance. The rate of move- 
ment of air is a principal controlling factor in refrigerator cars, re- 
frigerated storages and in convection heated spaces, of all kinds. \Ordi- 
nary methods of measuring air flow are of little service for velocities of 
fractions of a foot per second or in air passages wnich are difficult or 
impossible to enter when readings are desired. 

For the particular purpose of measuring air velocities under the 
floor racks of loaded refrigerator cars, an anemometer has been developed 
and found useful in many applications where other instruments cannot be 
used with complete satisfaction. It consists essentially of a thermo- 
couple, both junctions of which arc exposed to the air stream and one 


junction of which is heated. The difference in temperature between the 


junctions depends on the cooling effect of the moving air, and by suitable 
calibration, readings of the electromotive force of the thermocouple may 


be translated to air velocity. 


Figure 1 shows the anemometer mounted on a hard rubber base with 
binding posts for connecting the leads. The thermocouple is of No, 24 


Band S. gage copper and constantan wire. The constantan is but one inch 
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long and is butt jointed to the copper with silver soldor making two 
junctions once inch apart, One of the junetions is wrapped with about 
60 turns of No, 40 nichromo wire, through which an clectric curront of 
known amperago may be passed. Normally a current of about .05 ampere 
is used. In still air this current raiscs tho tcuperature of the heated 
junction to about 50° F, above that of the cold junction and an cloctro- 
motive force of one millivolt is sect up in tho thermocouple. 

With this instrument vclocitics as low as six fect per minute may 


be measurcd. This lower limit may bo reduced to betwoen two and three 
fect por minute by modification of the construction. Tho ancmometer 
may bo sct in position for reading and, with the lead wires extending 
as far as is desired, readings may be takon without tho presenco of an 
observer to disturb the air currents. For cxample, air velocitios undor 
the floor rack of a loaded refrigerator car arc read with a potontiomoter 
on the roof of the car so that it is not nocossary to Open tne car doors 
or Otherwise disturb conditions inside. Lcad wires 50 to 100 fect long 
are commonly used to connect the anomomotcr to the potentiometer since 
the length does not affect the precision of the reading. 

The anemometer is calibrated by moving it at known velocitics on 
a whirling arm in still air, A typical calibration curve is shown in 
Fig. 2. It is found that the same relation botweon air velocity and 
thermocouple clectromotive foree cxists for all individual instrumcnts made 
in the same way, so tnat a common conversion chart can be used for all, On 
the other hand, the amount of heating currcat required for ostablishing thc . 
e.m.f.-velocity relation shown in figure 2 may not be the samo for difforent 


individuals of apparently similar construction. This mwakcs it neccssarv to 
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determine by test the amount of hoating curront required by each anomometcr,. 
It will be noted that the curve in figure 2 passes through 60 feet por minute 
at 650 microvolts. This has boon choscon arbitrarily as the reference point. 
That is, when a new ancmometcr is to be put into use it is rotated in the 


per Ininute, The current 


pls 


calibrating chamber at a lincar spcod of 60 fect 
through the heating coil is adjustcd until a reading of 650 microvolts is 
secured on the thermocouple torminals. This current is mcasuroed and tho 
same amperage is uscd in all subscqucnt measurements of air volocity with 
that anemometor. 

This type of anemometcr has becn in use for several years, end it 
is now possible to point out some of the characteristics which secm to be 
inherent in the instrument. Since one junction is at a temperatiroc above 
that of the air it heats the air in contact with it and sots up a con- 
vection current. This is, of course, characteristic of any ancmomctor 
which uses cOoling effect as a measure of air velocity. For this reason, 
a vertical air current docs not nave the same cooling offect as a hori- 
zontal current of cqual velocity. Nor do upward and downward vertical 
currents have cqual cooling effects. The calibration curve for horizontal 
velocities (fig. 2) therefore is only approximatcly correct for air 
currents moving upward or dowaward. The convection current sect up by 
the heated junction appears to have a greater offect at low velocities 
(below 8 or 10 f.p.m.) than at higher velocities. It has been observed 
that when the volocity is bclow about 6 or & f.p,m. the thermocouple read- 


ing continually drifts over a small range cven when the air stream is steady. 
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FIGURE 2 
Relation between Velocity and Electromotive force for Thermocouple Anemometer. 
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The amplitude of the drift increases as the air velocity becomes lower. 
This is illustrated in figure 2 by the broadening of the line at low 
velocities, It will be noticed in figure 2 that as the air velocity 
decreases the electromotive force of the thermocouple increases until a 
velocity of about 2 or 3 feet per minute is reached, when further decrease 
in velocity results in a decrease in e.m.f. This shows that at extreme ly 
low velocities, increased general air movement tends to raise the tempera- 
ture of the hot junction rather than to cool it, Since this is contrary 
to the cffoct which might be expectcd and which does obtain at higher 
velocities, the following possible explanation of the cooling effect at 
extremely low velocities is offered, although no cxpcrimonts have becn 

set up to prove its validity: 

Suppose the anomometer is exposed to air which is aot moving, Whon 
the heating current is turned on the tenperature of tho heated junction 
will rise and a small convection current will be sect up, air in contact 
with the wire rising vertically in a smooth stream. This stream of ay hae 
being unbroken for an appreciable distance, will constitute a virtual 
chimney and will draw air past the heated wire in accordance with thc 
height of the chimney effect. This air draw past the wire will tond to 
cool it. Now if a very slight horizontal movancnt of air takes place 
the rising stream of air will be disturbcd and broken into a less regular 
stream and displaced to one side. Accordingly the chimney effect will be 
lessened, and less air will be drawn past the wirc by convection. The 
net movanent of air past the wire will be the vector sum of the horizontal 
movement and the vertical convection movement. Slight horizontal move- 


ment apparently reduces the vortical movement to such a dogrec that the 
p & 


Me 


net velocity past thc wire is lowor than if there were no horizontal move- 
mont. The minimuwa not volocity oecurs when the hori zontal velocity is about 

< or 3 fect por minuto, At abaut 6 foot per minute (of horizontal movement) 

the horizontal component has increased enough that the net movanent past the 
wire is about the samc as with no horizontal movement. At higner velocities 

the convection effect becomes less effective although it may account for the 
drifting of the thcriiocouple reading at velocitics somewhat higher than’ 6 fip.m. 

The above characteristic reversal of tho cooling effect sets a minimum 
velocity, below which unique readings of velocity cannot be made. That is, 
the calibration curve shown cxtends to zoro fect per minute but cannot be 
used for velocity measurciimts below 6 f.p.m. The POMdi As StiZ4t.. pelts fOr: 
example, is about ae Some as at J £/p.m. 

If it is desired to read Js say ane than 6 £.p.m. it is found 
that the mininum readable velocity can bo: lowerod by reducing the heating 
current. for exampic, by using only onc half the heating current the re- 
sulting calibration pomnits roading vclocitics down to about Als pelle 
This, however, is at the expense of reducing tic tanperature diffcronce 
between the junctions to about one fourth of its Original value, and there- 
force reducing the accuracy with which readings can be made. 

The size of the wires affccets the lowor limit of readable velocitics. 
By using #35 wire instead of poh for tne thermocouple and wire .0015" in 
in diameter instead of .0031" in the heating coil the limit is reduced to 
about 3 f.p.m. without any sacrifice in accuracy. This small type is diffi- 
cult to construct and is very fragilo. By using this small type and re- 
ducing the noeating current so that the tauperature difference betwoen tho 
hot aid cold junctions is of the order of .3 Millivolt, a ugable eali- 


bration down to 2.2 f.p.m. has been obtained. 
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Any two metals having difforent thermo-clectriec pavers can be used 
in the thermocouple. Copper end constantan are readily available in the 
proper size. Manganin was substituted for the copper in some. The thermo- 
clectric power of manganin is about equal to that of copper, but its thermal 
conductivity is lower, When manganin is used less heat is carried away 
along the wire and a lower amount of heating current is required to maintain 
a given temperature difference between the junctions. 

The cold junction of the thermocouple ancmometer is immerscd in the 
air stream to bo measured. It, therefore, assumcs a tanperature epproxi- 
mately cqual to that of the air. The thermocouple furnishes a measure 
of the rise in temperature of the heated junction due to the heating 
current. Since the e.m.f. per degree of a copper-constantan thermocouple 
changes slightly with changes in mean temperature it is to be expected 
that when the temperature of the air stream changes the characteristic 
relation betweon air velocity and thermocouple e.m.f. for a given heating 
current will be changed. It has been observed that such « change takes 
place. “Thatwis, if an anomometcr has been calibrated in air at S0° F., 
that calibration will be only approximately correct at other ta@iperatures. 
For many purposes the discrepancy may be neglected, but it should be 
recognized that there is a temperature correction. This difference in 
reading can be compensated by changing the amount of heating current. 

With an anemometer of the type whose calibration curve is shown in 
figure 2 it has been found that to give the e.m.f.-velocity relation 
illustrated in the figurc, the heating curront needs to be about 2 


percent greater at 30° F. than at 80° F, air taipercture. By measuring 
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the taaperature of tho air strean the proper adjustment of heating current 
nay be made for reading the velocity. This correction, whcn demandod by 
a requiraneut for «ceuracy in readings, makes the operation of the instru- 
meut less simplc. To avoid the necessity for reading the tanpcrature and 
readjusting the heating curront accordingly, a circuit for meking this 
ead ee automatically has been devised. Tho circuit for tho Simplo 
ancioneter is shown diagremetically in figure 3, and that for the toanpera- 
ture componsated aad standard curroit GypOSs In -ficure 1. 


In Figure 3 tho heating circuit is showm to consist of 
the heating coil which is wrapped on one junction of the thermo- 
couple but not in cleetric contact with it, the battery, the 
standard resistor (across which the potential drop my be dcter- 
mined and used as © mcasure of tic currat flowing in the circuit) 
ead the current adjusting rhcostat, In using the instrunent, the 
heating circuit is closed aid cn observation of the potential 
drop across the standard rosistor is mndc with a potentioucter, 
The rheostat is adjusted witil further observation of the poten- 
tial drop indicates that the predetermined amount of current is 
flowing in the circuit. -A reading of the clectromotive forco 
between the terminals of thc ticrmocouple is then made, aud by 
reference to a curve such as that in Pieuwre 2, the air velocity 
measurement is complcted. 


The circuit siowa in Figure 4 is similer to that in 
Figure 3.and roadings are mado in the sme way. However, a shunt 
has been placed. across tho uoating coil of such resistance tha 
wen a curront of I, which has the semo valuc for all ancmometors 
is passed through tho standard resistor AD, ic current, I » going 
through the heating coil is of the proper amperage for cna 
particular anqgnomoter., In addition, a tanpcreture sonsitive 
resistor, Ry, 18 placed in series with the hoater coil so that 
if the taaporature of the air strcan is high, I}; will be reduccd 
or if low, the current will bo inereased, in accordance with the 
changing current requirotents at differont aubicnt temperatures, 


‘It has been found that with a copper-coustantan thermo- 
couple, sizc 24 B and S Gage, the curronut shoulé bo ineroased by 
one part in 2500 for cach degree Fahreuhcit drop in tanperature 
in tho range 30° F. to 80° F., the following equations showing the 
relations betwoen tic resistaicos amd currents involved: 
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Referring to Figure 4, let R, and Ry, be grouped togetser 
as Ry, and Ry, Ru ond Ryo be grouped as Rg so that 


Bye Rest Rie 
Ee ug ae ST) 
then Iq Ro = Ig R1 = (Ic - Ty) Ry 


Ro 
Ly = Be Ry aa Ty Rl 
Ro Ro 
Ry Ro 
Tp tl + Ri) oT, Ry 


Ne may be considered constant since it is always brougot 
to a standard value before a reading is taken. Ry, is the sum of 
R, and Ry) and is constant once tic location of point M is 
established for the anemometer. The heating current then is in- 
versely proportional to the sum of all the resistanecs included 
in Ry and Ro. From calibration at difforent tauperatures, it is 
dosired that the heating current increase one part in 2500 for 
each degree drop in the temperature of tho air strean. If the 
amount of nickel wire (or ea wire naving a sufficient tenpera- 
ture coefficient of resistance) in R., is so adjusted that the de- 
ercase in resistance of Ry for each fee gree drop in temperature 
isa alk part of the total, Ry + Ro, the heating current will 


cecal increase by the same proportion. Since the range 
Over which the ancmometcr is nomially used is not over about 
70° F. (from 30° to 100°) this reciprocal relationship gives 
adequate accuracy of taiporature componsation, 


In order to pormit the use of a standard curront Ia tile 
some for all anemometors, even though the heating current Ly may 
vary with differmt anemometers, the proper relation betwcen I 
and Ip is obtained by adjusting the location of the contact M. 
Tais is done by trial while the instrumeit is moving in still 
air at known speed. 
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The circuit shown in figure 4 provides two modifications in operation. 
Tne temperature-sensitive resistance automatically applies a compensation 
for error due to the air-strean temperature; the shunt permits initial 
adjustment of each instrument so that even though different individuals 
require different leating current, the current supplied to the circuit 
may be made the same for all. 

A number of characteristics of the thermocouple anemomcter have not 


4 


been investigated. -lo extousive tests have been made on the effects 
of air composition, for oxamplc, although calibrations made 2 high and 
low humidities indicate that moisture contamt of the air is of minor 
importance. Large poreentages of carbon dioxide would no doubt affcet 
the rclation betwecn air velocity and tiermocouple reading,although no 
tests of this cffect have bcen made. 

The nature of the air motion, whether strcan-linc or turbulent, 
may also affect the ancmometer reading. 

All the above comments are based on experience in field and labora-~ 
tory use and on calibration by one mcthod only. This was by rotation at 
known velocitics in still air in a tight box in which fac DOssibility of 
convection curronts was reduced to a minimum. Calibrating was donc before 
the instrument was mountcd for usc. The guestion erose vhethor Coli oration 
by some other method would give difformt rcosults. The calibration of ono 
anomomctor was tostcd in a tube in which the vclocitios wero mcasurcd by a 
Thomas meter. At low velocities the agrcancnt botwoen tue original cali- 
bration and the Thomas-moter correctcd roading was not good. The ancmometer 
calibration showed 9 f.p.m. in an air strea in which the Thoms meter showed 


12.5 f.p.m. At highor velocitics thc percent difforcnce between tho readings 
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was less. Theo reason for this discrepancy hes not beon devermined, bub it 
is hoped that further calibration by other moans will render tho cnomometer 
readings as accurate on an absolute basis as they appear to be on & reletive 
basis. In spite of tho lack of an absolutc stendard for checking the cali- 
bration of these instruments, thoy have proven uscful in studies of cir 
currents in refrigcrator cars, storage houses, grain bins, and farmhouses 

in which heating tests are medc, and in many cases have furnished data 


which wero not obtainable with any other ovailablo instrument. 


